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TESTS TO DETERMINE THE EFFECT OF REVERSED STRESSES Or THE 
ELASTIC LIMIT AND THE ULTIMATE STRENGTH OF 
MEDIUM STEEL 
BY 
R. G. WIRY AND A. H. JOHNSON. 
_ I. 
Examples of repeated stresses occurring in practical 
work are numerous. In machinery the application of a load to a cer- 
tain part rapidly and continuously, often occurs. 
Repeated reversals of stress, alternate tension and com- 
pression, is less common. A familiar example is the reciprocating 
parts of an engine, piston rod and connecting rod. 
The most important case of such stresses in structural 
work is in the end posts and end top and bottom chords of a draw 
span truss. For instance, the end posts are in tension when the 
span is swung, and in compression when the span is closed and a 
train passes over. Some of the best engineering authorities speci- 
fy in the case of tension and compression occurring in the same mem- 
ber, that their sum shall be taken in obtaining the allowable work- 
ing stress. Other engineers hold that the effect of alternate 
stresses of opposite sign is not equivalent to a stress in either 
direction equal to their sum, and such a rule involves an excess of 
material 
Without discussing the case in question, or any of the 
many formulas used for obtaining the working stress; it is suffi - 
,cient to say that the elastic limit and the ultimate strength are 
the bases of them all. The effect repeated tension and compression 
have in lowering the elastic limit or ultimate strength of the ma- 
terial must be determined by trial. 
In this test the object has been to approach the condi- 
tions of the members in the truss of a draw span as nearly as pos- 
sible. It is not practical to apply to a test specimen the number 
of repetitions of stress that would occur in the life of a bridge, 
so in this test a greater stress was applied with a fewer number of 
repetitions, thus working the metal as hard, or nearly so, as actual 
service would do. 
We tried to bring the stress in tension as near as 
possible to the elastic limit without reaching it. And in order to 
apply a correspondingly heavy load in compression without bending 
the specimen, we used the ordinary compression formula for columns 
with pin ends; 
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where C = repeated stress in compression 
T = " tension 
1 = length in inches between centres of pins. 
r = radius of gyration of bar in inches. 
For our three-quarter inch bars C = 0.98 T, and in applying the 
load we never found it necessary to use the formula as other con- 
ditions stated below made it advisable to keep the compression load 
well under the load in tension. 
The material used was structural steel of about 60,000 
to 65,000 lbs. ultimate strength, 24,000 lbs., elastic limit, 25% 
elongation and 50% contraction at point of fracture, according to 
the tests made here. The test bars were one inch and a half square 
by sixteen inches long, turned in the centre for a distance of 
eight and a half inches, some to three-quarter inches, and some to 
seven -eighths inches diameter. one inch holes were bored and 
reamed in each end twelve and a half inches apart at right angles 
Co d 
II. 
to the axis of the bar. See Fig. 2. The jaws and pins for hold- 
ing the test bars were designed by us especially for this test. 
The jaws BB are of low tool steel annealed. The pins AA of tool 
steel hardened and ground to a close fit. The wedges cc are of 
cast iron. All bearing parts were planed. See Pig. 1. 
Fig. 2 shows the extensometer, and connection with 
battery and bell. Knobs EE are insulated from the clamp. The 
slightest touch of the micrometer on the points rings the bell. The 
readings were estimated to one ten -thousandth of an inch, Four 
readings were taken, two on each side of the specimen for each 
addition of from 250 to 500 lbs. to the load. The loads were 
applied by hand power when the readings were being taken, and near 
the highest point of each repeated load. Power was used the re- 
mainder of the time. The work was done as quick1L, as possible to 
avoid any rest between the applications of the different loads. 
Readings were only taken in most cases near the elastic 
limit in both directions, so the resulting curves are short. 
In all, twenty-four test bars were made. Number thirteen 
was not used. The first seven were tested in simple tension to 
obtain the properties of the material given above. The remainder 
were all tested in reversed stresses. Before giving results, we 
will mention some of the difficulties encountered that caused un- 
reliable results to follow in some cases. 
The jaws worked well, but were made for bars two inches 
square. As we could only get bars one inch and a half square, we 
used shims DD Fig. 1. No trouble was caused on this account 
The testing machine used, (100000 lb. Riehle) will only 
register loads on the scale beam when the lower head is descending. 
In this test, tension loads could be measured in the ordinary man- 
ner. But when the machine was reversed to apply compression to the 
bar, the scale beam would not act, so another method was used to 
measure the load in compression. Two bars of each size were taken, 
three-quarter inch and seven -eighth inch, (Number 16 and 24), and 
the ends faced off true. They were then tested in flat end com- 
pression in the ordinary manner in the machine. The readings were 
taken at zero, and for each additional five -hundred pounds to near 
the elastic limit. The average difference gave the average elastic 
compression of the bar for each five -hundred pounds. 
To apply this to the measurement of compression in the 
reversed stresses test, a bar was put in place and readings taken 
at zero load, Knowing the load we wished to apply in compression, 
we took the results of the flat end compression test above to ob- 
tain the amount the bar should shorten for the given load, This 
amount was subtracted from the zero reading and the micrometer set 
at this result. With the micrometers in place, compression was 
applied to the specimen until the micrometers touched and the bell 
rang. The machine was then reversed, and tension applied, which 
was of course measured on the scale beam. One micrometer always 
touched first, and for safety the load was always stopped at this 
point. This measurement was only approximate at the best. In the 
reversals, for which the machine is not well adapted, the personal 
equation effects results. The utmost care was required to prevent 
the stresses from running too high. 
Much care was needed in making the specimens. A little 
variation of the holes from the axis of the specimens, or from the 
parallel with each other would cause it to buckle under a light 
load in compression. Most of the specimens were quite true. 
The results are all given on the accompanying test sheets. 
The elastic limit was obtained from the stress -strain curve. On 
only a few of the specimens were enough readings taken below the 
elastic limit to compute the modulus of elasticity. 
On both specimens number 1 and 2 no readings were taken 
until the elastic limit was passes. Numbers 3, 4, 6 and 7 gave 
average results. Number 5 is inexplainable, the first indication 
of elastic limit being at 41,730 lbs. The result could not have 
been caused by the machine being out of balance as the maximum load 
was average. The probable cause was some peculiarity in the steel. 
In the reversed stress tests, the curves indicate a neg- 
ative elongation after the repeated stresses. In some cases this 
may be due to passing the elastic limit in compression, but usually 
is caused by a slight buckling and also by not allowing the speci- 
men time to recover before applying tension. Number 8 buckled 
enough to make it doubtful from the curve whether the bar was 
straightening or stretching. Number 9 buckled very slightly. 
Accidents happened to number 10 and 12 giving no result for the 
elastic limit. Number 11 buckled under too high a load; elastic 
limit doubtful. Numbers 14, 15 and 16 with a few reversals indi- 
cated a slightly lowered elastic limit. Number 17 was loaded too high in tension; elastic limit doubtful. The remainder of the 
specimens were all seven -eighths of an inch diameter. Numbers 18 
and 19 were both subjected to loads above the elastic limit in ten- 
sion; results high but not reliable. Numbers 20 and 21 were both 
good tests and showed no effect of repeated stresses. On numbers 
22 and 23 the elastic limit was probably passes before readings 
were taken. Number 24 indicates a lowering of the elastic limit. 
However this specimen had been tested in flat end compression to 
near the elastic limit before this. The following tables compare 
the results of the simple tension test with those of the reversed 
stress test: 
TABLE NO. I SIMPLE TENSION. 
NO. ELASTIC MAXIMUM 
SPECIMEN LIMIT LOAD ELONGATION CONTRACTED AREA 
AVERAGE 
1 
.2 
3 240 53 
4 24840 
5 ? 
6 240 20 
7 23730 
24160 
6170 0 30.4 48.5 
62010 24.9 50.5 
61273 25.6 54.2 
61582 23.1 51.7 
62710 25.2 50.9 
60984 28.1 49.5 
61638 26.2 52.2 
61700 26.21 51.07 
TABLE NO. 2 REVERSED STRESSES. 
a 
/0 
NO. ELASTIC 11AXIMUM 5 CONTRACTED 
SPECIMEN LIMIT LOAD' ELOIGATION AREA 
8 * 21810 618 45 23.3 51.8 
9 * 21850 62430 23.7 46.97 
10 65270 23.5 52.5 
11 * 21170 64730 23.8 52.9 
12 66040 23.5 49.9 
14 20880 61660 22.9 51.9 
15 23710 61180 27.4 47.03 
16 23410 61310 24.9 48.0 
17 * 23020 63250 23.3 61.2 
18 * 26610 61430 28.12 49.94 
19 * 25780 61930 27.18 48.4 
20 240 50 61647 26.3 47.8 
21 2 4940 61160 27.9 48.4 
22 61360 28.9 48.4 
23 61150 27.0 48.7 
24 22400 61730 25.87 53.8 
AVE?AGE 23300 62380 25.47 50.47 
AVERAGE 
(*) (23230) 
The results cannot be considered at all conclusive. 
The difference of the average in the two tables in both the per- 
centages of elongation and contraction of section is less than one 
per cent. 
For the reversed stress tests the ultimate strength is a 
few hundred pounds higher, and the elastic limit a few hundred 
pounds lower than the test in simple tension. If in table No. 2 we 
omit the results marked (*) on account of some of the reversals 
going beyond the elastic limit, we obtain the result given in 
parentheses, which is practically the same as given before. 
In conclusion, it is certain that, with the number of 
Vt 
reversals of stress given, any of the specimens the ultimate 
strength was not lowered. 
The elastic limit seems to have been slightly lowered, 
but not enough tests were made to prove it. A greater number of 
repetitions should have been made, and a better means of measuring 
the load provided, in order to approach nearer the elastic limit 
with the reversed stresses. Tests made under such conditions 
should give reliable results. 
("The steel was kindly furnished by the Phoenix steel Company). 
Finis. 
VL. 
FIGURE 1. 
ATTAGHMENT OF JAWS TO TESTING MACHINE. 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
)ATE 
SPE 
t/v/vh-- 49,90 
TENSION TEST. 
TES TED BY itA/011/V-5 ,II/YD 
C IMEN NO. //Viol. 'TEA/ S /ON, 
No. 
Loads. Micrometer Readings. 
E/Is77 14/EST Mean. 
Differences. Remarks or Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
00 00 0400 .0402 .0767 .0762 ,0582 00 00 / 
2 /2580 27660 .0460 .048e .085S .0846 ,0665 .0083 ,00 / 02 
/3840 30180 .0472 .0479 .0865 .0872 .0672 ,0.0.90 ,,00/// 3 
4 /4440 ,/ 750 .0490 .0499 ,089 9 . 088 7 .06'93 ,0/// .001,77 5 /4690 ,92.90c.0497 .05/1 .09/0 .0906 .0706 .0/24 .00/53 
6' /4940 328500 .0529 ,0529 .0927 .0927 .0727 ,0145 .00/ 9 
7 /5/90 33400 .0552 .0578 .0978 .097/ .076'9 .0/87 -0003/ 
tt 
length between clamps 
iength between jttait.s /4345, 
)imension of cross section 0/4117. 
Mastic 1 
faximum load 
hmensions of fractured section P/AM" 
imit Les, 
Les 
aimate extension 
Ilastic elongation for lbs. load.. 
6%003 75 " 
" 
0.76/" 
/3500 (?) 
28050 
0,53" 
/0.54 
2 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect .. 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 48.5 
Ultimate extension, per cent 
Modulus of elasticity 
0.4648 
67700 
0.2206 
P 
Plot stress 
-strain diagram and hand in with this sheet. 
24,9 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
TENSION TEST. 
th/NE -Z TESTED By AildOHNSON AND ROLAwRY 61- DATE /903 
SPECIMEN NO. S/Alic'LE TENS/ ON 
No. 
Loads. Micrometer Readings. 
h.457. WEST Mean. 
Differences. Remarks or Repeated Stresses. 
Lbs. per sq. in. 
1. 2. 1. 2. Actual. Per sq. in. Actual. Per in. Tension. Comp. - 
,0367 .0270 .0270 .0460 ,0470 00 00 00 00 / 
.0/74 ,000B/3- a //09.0 2 5-06-0 .0339 ,0338 ,0048 .0049 .0 /93 3 /1400 26090 ,036-5 a0366 ,00/44 .00// ,0/89 ,0/78 ,0002/9 4 1/800 2 7000 .0537 .0559 .0090 .0/0/ 
.032/ (i?' 
; 
1, 
- 
. 
. 
. 
--. 
Length between clamps 
Length between 46,ws, fl IV'S 
Dimension of cross section 42/447 
Elastic limit Les. 
Maximum load 4476-* 
-Dimensions of fractured section 
Intimate extension 
Elastic elongation for lbs. load.. 
8.0937,4" " 
/2.5 - 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
0.71ze " Maximum load; lbs. per sq. in. orig. sect .. 
O.437 
P 
6aoio 
Area of fractured section, sq. in 0.22 06 
27090 Reduction of area of cross section, per cent, S-0, 5 
0. 53" Ultimate extension, per cent 
/O. " Modulus of elasticity 
Plot stress -strain diagram and hand in with this sheet. 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE (../e/47E- 
SPECIMEN 
TENSION TEST. 
/9 " TES TED BY R. G.1._ 4 Vi//' Y AND A. H. (JOHNS 0/V. 
No. Sifrhoz_k- TEA/stem/. 
No. 
Loads. Micrometer Readings. E4S 7- INES r Mean. Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
/ 0 
-.009/ -.0098 -.0278 -.0272 .0 / 54 00 
2 8/50 /R6,00 -.0067 -.0060 -. 0210 -.02 /3 .0/36 .0049 oev5:04 
3 8770 R0000 '0059 -.0060 --,02/0 -.0209 .0 / 34 .0050 oe.)06-7a 4 .9590 2pc33 0 --.0059 -. 0058 1-.020/ - 0203 .0 /3 0 .0054 .0006r7 
,5- .9990 IQ . 790 ,--:0 0.51 -. 0050 E. 0000 -.0/99 .0/25 .0059 .00e709 
6 /0390 0 0 .005fr-7 --. 0050 r'. 0 / 95 -: 0/97 .0/23 .006/ .0007,5-.4 
7 /0790 0'7.00,5'0 .005/ -.0/89 -.0/83 .01/8 .0066 .000B / 5 
8 // /90 
.a44(5% 
5,5-20k.00s0 -... 0050 r-- 0/57 r. 0/56 . 0/03 .008/ 
.00/ 00/ 
9 //590 p(543ar-0 0/9 F.00/7 -.0/17 -.0/07 .0065 .01/9 .00/470 
/0 
, 
. 
Length between clamps 5,09375 
Length between mss-Pnvs' /2.5 
Dimension of cross section 
Elastic limit L8s. 
Maximum load I- .8 , 
Dimensions of fractured section,Pi.4.1Y: . 
Ultimate extension 
Elastic elongation for 400 lbs. load 
Plot stress -strain diagram and hand in with this sheet. 
2685.0 
0.55 1/ 
7o.Ase" 
.000258 // 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
0.7.547 Maximum load; lbs. per sq. in. orig. sect 
/0500 Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
0.4382 
6/79 
0. 3.7.5- 
5-4.2 256 
28,647,000 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C, 
TENSION TEST. 
DATE /U/V- 41/ /903 TESTED BY A. H. 1OHN-50N AND /if G°. L. A WRY: 
SPECIMEN No. 4, S// -!/:;:z. E TENS/ON 
No. 
Loads. Micrometer Readings. E 45 r I/YEs 7- Mean. Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
/ 00 a, 6.0 .0262 .025E ,0/7/ .0/7/ .02/6' isis 0 goo, 
a 9000 io .0308 .0307 .0235 .0235 ,0268 I po 
.00 9300 0 .03/0 .0309 .0236 .0236- .0272 1 . i 950.9 WM ,03/4 ,03/4 ,0236 .0236 ,0274 
1 
.,off 
- 
9900 ,0 ,O320 ,03/e .0239 .0239 .0279 0 .00 
- 6 woo MIMI .0320 .0325 .0239 ,0239, 0280 WM 0 
7 1/0500 4,0,329 .0329 .0240 , 023 9 .0284 MIPM,,4111.11MMI 
8 1/080o 3 ,, .0330 .033/ .024/ .024/ .0285 go.. eg". 9 1/100 ,0334 .0335 ,0247 ,0248 .0292 ,, . I. # /0 / 14 00 61. 4 . 0352 .0358 .0276' .0279 .03/6 IllSgllrdWAI_ 
// 1/700 g 0.0372 ,0372 .0284 ,029/ .0329 IffWfflr 
/2 
/3 
/2000 
/2300 
op 
9,.0570' 
,0426 .0429 
.0575 
.0349 
,0499 
.0347 
,0499 
.0387 
,0535 EMI . 0 D /4 /2600 _ 4 i -0 .06,35 .0640 ,0559 ,05660 ,o598 EIRMAIRM 
/6- /2900 a p a , A , 0669 .06'69 .05.90 .0388 I ,062.9 
- /6 /3/20 ;;IX ,0702 ,0698 .0622 
. 0629 1.0664 
" oo /7 /3200 00 4,0708 .07/0 ,0636 .0636 .0672 c . 005.., /8 /3500,RM.!, ,, , 0 7 57 , o76-/ .0638 .0666 ,0709 It # /9 lawrgiojel-M , 0800 , 0800 , 07/9 ,07/ a 1,0757 fg O' 20 /4/00 , 085/ .0855 , 0762 , 0763 ,0807 0 #1 2 / /4400 ,, ,0905 ,0905 oeos. ,08/0 I ,o.96-7 
. . 
-- 2 /4700 t0 ,097/ ,0.972 .0828 ,0875 ,0899 iroz, 
Length between clamps 
Length between jfewt- /7i". 
Dimension of cross section 
5.09375 Area original section, sq. in . 
Elastic limit, lbs. per sq. in ....... 
Maximum load; lbs. per sq. in. orig. sect 
0.4347 
/2.5 " 
-4teg3 44 
0.744 ,.172/44.7 
Elastic limit Las, /0800 Area of fractured section, sq. in 0,224(8 . 
Maximum load 4 es - 26 770 Reduction of area of cross section, per cent, 5/ 7 
Dimensions of fractured section .P/4" 0.53" Ultimate extension, per cent 
Ultimate extension 9.970 Modulus of elasticity 
.000283 "(?l Elastic elongation for 300 lbs load 
Plot stress 
-strain diagram and hand in with this sheet. 
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TENSION TEST. 
DATE / 03 TES TED B Y R. G. Z 4 VW? r 4/v.0 6/121//0 
' SPECIMEN /M/( -L E TENS/ ON 
i 
No. 
Loads. Micrometer Readings. 
.6457: IVES 7: Mean. 
Differences. Reprettemdarsktsreosrses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 
.0379 
2. 1. 2. Actual. Per in. Tension. Comp. 
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/2.5 " 
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(1535 
/ 0 /...?6' " 
a Oooase" 
Plot stress 
-strain diagram and hand in with this sheet. 
Area original section; sq. in 
Elastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
D.440.0 
4/ 790 
7/2 
0. 2-1(8 
50.9 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
TENSION TEST. 
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Loads. Micrometer Readings. 
./5T. 144 E ..5' 7: Mean. 
Differences. Remarks or Repeated Stresses. 
Lbs. per sq. in. 
Actual. Pei in. Tension. Comp. Actual. I Per sq. in. 1. 2. 1. 2. 
/9600 44454 .06-24 .0528 .0200 .0/ 99 .0/29 .00/5,90 .0363 31 
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.00.6-00 34 20800 47 175 -1184 .1/86- .0864 .0862 .1023 .0789 
.409760 5 2/200 ri80e3 .1405 1./4/0 I . // 00 .// 05 .1250 ./0/6 .01 so 
-1 
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I. 
Length between clamps 
Length between jsws, PiNs. 
Dimension of cross section 17/4111. 
Elastic limit 
Maximum load 
Z. Bs - 
Las. 
Dimensions of fractured section .A.6?/.4.'47:-. 
Ultiinate extension 
Elastic elongation for 400 lbs. load 
B. 0 9 3 7,3"-" 
/2.5 u 
0.749" 
/9400(f) 
27650 
/0- /-96 " 
0. Vo0262 " 
Plot stress -strain diagram and. hand in with this sheet. 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
Maximum load; ]bs. per sq. in. orig. sect .. 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
0.4409 
4/ 730 
0.2248 
50.0 
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DATE_ 
TENSION TEST. 
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Loads. 
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Micrometer Readings. 
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Plot stress 
-strain diagram and hand in with this sheet. 
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Elastic limit, lbs. per sq. in 
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6-1/(134,5-- load; lbs. in. orig. sect . Dimension of cross section, 0//1117: 0.764" Maximum per sq. .. 
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7 Ultimate a - extension 9.979 Modulus of elasticity 
o Elastic elongation for ' lbs. load (7 
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-strain diagram and hand in with this sheet. 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE /e rm / 90,3 
TENSION TEST. 
TESTED BY R 6 L kw? r. 44a, 4-1-1 ciONNSON. 
SPECIMEN N0.9, REVERSED SMESSES. 
No. 
Loads. 
E":15T 
Micrometer Readings. 
WEST Mean. 
Differences. Remarks or Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
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2 ei- -.0034 1- .0252 /8400 * /6/ 00+ 
3 ,, Ji ,, " (?) 
o 
,, 
0 0 11 , 
6 0 " I) II 
7 ,, 19.5-50 - 
8 ,, ,, /9970 ,, 
9 . ,, h /8400 . 
/0 p, 1, 1 8400 ,, . 
// 8000 4 .., 6, -.0070 -:0071 , 0290 .0290 .0/08 -, oos-2 00064 
/2 8500 i - .0065 -.0064 .0294 .0294 .0 / / 4 -, 0046 -.00,0,568 . 
/3 9 000 0 4# -.0050 -.0.95a .0300 .0302 .0/25- -..003s- -. 000-' *8ecn-LE0 s-L/6-mr- 
/4 9500/ 859 .0042 .0040 .03/4 03/2 .0/36 ---, 0 024 _, 0009 7 z. Y. 
/5 /0000 00 0 --.00/0 .0000 .0335 .0330 , 0/63 , 0008 -A. 000037 
/6 /0500 4 /53 I. 0 0 2 2 .0024 .035/ .0345 . 0/85 , 0025 .00.2 69 TO 
/7 /1000 00 .0040 .00,90 .0369 .0369 412204i 006'4 -/, 00079 co.swffsPlo/vo 
/6/00 Lesj 
ro 
coAfi /8 N500 . #l .008/ .0082 .0399 .0399 4 0240 , 0080 .000g,00 
. 
. 
I 
. 
Length between clamps 8. 09375 /2.5" Length between *mg P/Ns' 
Dimension of cross section Dint. 
Elastic limit 23. 
0.744m 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect .. 6' 434 
0:4347 
2/86-0 
950 0 Area of fractured section, sq. in 
Maximum load L85. 2 714 0 
Dimensions of fractured section 0.5/ " .P/.19):'-.. 
Ultimate extension /0. 026' " 
Elastic elongation for lbs. load.. ? 
Plot stress 
-strain diagram and hand in with this sheet. 
Reduction of area of cross section, per cent, 4-6'; 97 
Ultimate extension, per cent 
Modulus of elasticity (19) 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A, C. 
DATE (../ 4//1/E- /022-1 /903 
TENSION TEST. 
TESTED BY R6 LAWRY "1/111, 41411.t./01/445.04Z 
SPECIMEN. No. /1, REVERSED STRESSES. 
No. 
Loads. Micrometer Readings. 
EAST WEST Mean. 
Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. _ 
Actual. 
0 
Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
.0//9 0//8 ,0270 .0267 .01943 00 
2 6880 0 4. 
a 7400 /6,07,5- -.0260 -.0260 -, 0/5/ -.0/.52 .0205 -0398 -.00 -(0 / 
4 7800 / 7(9,04 -.oas-.5- -.0256- -.0/48 -. 0/48 .020/ -.0394 -,00,486 
5 6200 188 / 3 - ,02.46 -.0246 -.0/40 -,0/43 -.0386 -.00477 
6 8600 /9792-,02/4 -.02/4 -; owe -.0/20 
1.0/93 
.0/66 -.0359 70094'4 
7 9000 200,57 -.0208 70/98 -.01/8 -.01/8 j .0160 -.03.53 -.0043e 7-00 AH6re SPEC-- - 
8 9400 0 0-710-.o/88 -.0/87 '70/02 -.0089 v .6 'I 48 -.034/ -.0,04 ,,,,,fA, .suclak-D, 
9 9800 1889 -..0/65 -. 0/65 -.0075 -0078 , 0 / 20 -.03/3 -.00337 
/0 /0200 2/908 -.0/56 - 0/54- -. 006/ -0060 . 0/07 -.0300 _,0027/ 
II j /0400 0 3727. 0/34 -.0/35 -, 0050 --. 0052 .00,92 -.0285 mal,35, 
/2 /0800 464* .0/25 -. o -. 0oa.6-1 :004.5- , 008/ -. 0274 - ,00,aV 
Is //200 556 1,0089 -.0086 -.0045- .00/6- , 0051 -.0244 - ,0030/ 
/4 /1600 64841.0058 -:0054 -4-.00/5 .00/6' .0020 -02/,3 _,044.263 
/5 /2000 7.40 ' .002/ -.0,9/ .0048 .0049 .00/3 -.0/79 -, ao9 1 
/6 /2400 &?2 . 0008 -0-. 0008 .0070 .0078 . 004/ -.0/52 - 00 /RR 
/7 /2800 c;i2.. 5r / .0048 .0046' .01/4 .01/6 i. 008/ -.on a -.00/38 
/8 /3200 , .0099 , 009 9 .0/6'8 .0/68 i .0 13,3 -:0060 -,0407,." 
/9 /3600 VIM. 0/32 .0/32 .0200 .0202 .0/66 -:0027 -.O0033 _ 
20 /4000 7/ gas .0/83 .0/80 .0257 .0248 .0 2 AS .0022 .000p j 
I 
Length between clamps 8.09375 
Length between *rig /2//14-5 
Dimension of cross section 044m. 
Elastic limit Ls.s. 
Maxim U III load L p:s- 
Dimensions of fractured section .P/.4./.'7.- 
Ultimate extension 
Elastic elongation for lbs load.. 
76-e- 
9;40 (?) 
.290..S0 
ass- " 
/0.0a0 " 
Plot stress strain diagram and hand in with this sheet. 
Area original section, sq. in 
plastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
0.446'8 
0.2375' 
No. /4 REVERSED STRE,5\TES. 
Ilm 11"1111 ogee-- - - - -- 11:::: nee 1:'--:1111111111111111111:::::::1111411111111111111111111111111115611 
lot II :.._ ----. - -[11.116111:1i . 
-1111111111111011110 E - -711 1111 
:111I" 
. iiii 111 111111111111111111111111111511111111111115111211111111 
CU 
UU 
111111111141: 
MAO IM 
UU 
11,11.1! 9 riF1_ 1111111.11.11' --6- ill 11111111111111111111111111111111111111111111111111111111111 NM whis44161 Rig ;E:ri. ispuramptaliMpilinipilmes Err wsu mu MOIN NOM MIME .0 °ULU M "Lia=nimmannan affintas Nag MN Li 111=0 co 
ill i CLAW 
zwill IN 
I WM NH epinimquipm- -- pram orsiionem:: ITITEN117.0: HilailicillanetHER AMER. MiumingiiiMijitirs.lar.00 Es: 
..lemismismiegank 1" ....11-. .- --m: 1 
1151reffionlidem:F::::. : Eimiell- 
11141111101EFICJIMMINICHILAI 
'dial 
-.. !Jul lilialmilligirilifilluirliglial911111111110101i ... ... 
Iii M;; 111111111111114i: MMIIIIMMMVIIII 11111111111411M111111110111111111i MIIMMiliiir 5: "'....u.". .. :...... 
... 
5 1mem111 
, Il di li - . . ... . III .1.A 1 :: 1 u -al.....: 1.4-z-rwrigroMMly'i 
... 
4c5 
imoo loininEmmo - - in ::: Wm 1:.:1-::: meth ::..,,-jkil 1111,0.2. 2.1.±Ertuldinalr,: p.... . rrati::?; Mo . 
1 11111 = AIR !AM EMILIThidridipall.rmumembi iiii 1:1 re. 1 
:.....1 
st... :Am. in- s n 4 
I il 1 I 1. 5 
umFE"E w "Plq9100114.1qUEBIBRIPhileimrsir.narapilat 
.z. 
.. . ....... 
!Fs .. .. . milisesure::4. 
J.I.N.H.ti.miillgircnipiiirp*a__- 
........ 
....... _ ligIBIEBbilikblhastalh ......, 
11111..1111 , IN II MN 
9211116 i' M US M MI le 
ME 
;Pe 1 PillikliSh ..err".51031116401ffismind PPrip.T.42 IA. Timm .LA..: ::::1 . . 1.1.-- 
111111111111111111111 I: iimps: :mem ii mic 11:11:::: 11:161111111 ii ill ail 
21:111.emi 
.:: li . . gli 
::::::: -aposimm: : 29111111111 111:91111filifinielall iiiiiii iiiiibliiiiiiii 1 illimiliiiiiiiipoiliiiiiiii 
11111:11_ .: Biludi 
. 
-11141:111:1: .0... 1...11: lagagla ..11 .. 110.12-1111:11111, ..ilido...12111. . ilibli.
Isprilio191141.. . emprielliplitil ie. .. 1111111:1111iiiiiiiiiiii91111:91111:::11111111:111111 1111111:::. 
igli" al= 
1----.- 
M M 11":1111111 HIM IiiiiiiliiiiiiiiiiiiiiiIISIBLEIMIAill 411:11111 
0 
1:1 11i -111 11 1M - O 
MI ! lel FM SS II :Jail 1:/i1 
"MI "NEMO IMMO= RIM IM: 1111111111111111111111111 
11111111111111111111111111111111 - 1111111111111111111111111111 
Iii 110111112i 
mg. EMI : 
Mir U 'IM 1111111111111 1111111111111P1111111111111111111 M 1114119111111111114111111111111 IF III I::: 
BEL 11 MR ill 1: eli ::::::::::1:::::: memele isme.11. ... et: um mem 
:::: 11:: ism a.: 1 
11110111ii": - 
rpm stommalm ...., m:::::::::11 . gliesici..111:1111111011111:1311.1 :11.1.dra , MMMM II NM MI M MI. IMM MINI ME 
NM MMILINIA 
holibmi.'-, OIL am ....d--- umBIEMBEIHRII. ESENHINSEMI:11 stedhaMiluiffninnioniemid: 
2 Weber= 
PIPPgrom MINIMOMM PM MIMI MP 
591111,11111.: SPIIIII, 1:111MII ENNI-!Erfirill TiNq liturrin: h. !MAW bEdkidifig r,.._ it 11 ml....... OM IR MO11 MIN NM* 
"6"1:Iiirell1111 II:: :-.41116-1:111 M allii1111111111 11:11::::::::!!!:711- li "1191111115611e " 
illill11111 nil -!- 1:77:::-111 lid 111% 1MMM --NM MYM1 11 1 M 'IMII : a 
MIA11 Mir 1111ARM MI MI
lik lis.% ., 
1.- .... 2.,. .4 
11111111111411 1711111 'iniglillilliiilliii ROM al "'ruin 119 i CU 14.19.4141:::Iiiiii:10111:11:1111.... iiil Ash - II .-, ilifil _ ... I ram :11 
el....1111:181.111a...11101:. imiliiiii. lk 
"11111111110111111111111111111711 11111111N1111111111111. 
11111 m Iiimilliim 
. _°. -iliiiiiilliAiAli. Fliiiiilkir Iii .11 W.:11mM .: a: 46 
64raa°110111 tdill- hiliraPihaightli a M IIIMUMBril P114111111111MMIll SIN III. l'ill Iii.limili01141111111ruliiiiiiiiiiiill ill el! Le :::::.:.:::::: ::: ...g..mal .. . 
0111111 
MIM !MIN MN 
1111 M111111 
NM 111:: I Be iiiiilmaiiiirill lil lid ill MI :: I I: :::: lit: ::: 1:1111 :team -. mulamen. .41311 .. averts! iri-s lipamtimpuri..: 
. .1... 0 
11 ma um 
iii 11111111 7milm 
111119ill III- . :111 mill li 1 1111 WV 1 .1.1111111111111111211141111111:71 "47171747111.1 eliel....: .6 ci lin 111,1 . :--1171 I. mil; 1 :11 ::::.:::: :I! 1.1. 4:..6...::1 ..-1.1. : " Ilona Eva 
:III .. . 
1;11- -111714_1=Hprin j eilletalapaeonfoldiar&Maprz. sluiptirEqpig, sommeffewimerremmgm. IL= ...0 " mom_ worn' 
- .__I INF] El .11rirli iniargdiSilleiS:110 pp:4A 1 ....logoloiiiiii: LA... ..... 
:ma a 11 -,---. .. A' 1 . .11411:- .1. ELIII: 1::::::..111 .. giu.......10:: .111111111:1. 
MMMMMMM ....2 m...rad. ::: 
11111:- '17 :1. OM 7 i PE - 91- ismeniess apur esql-. .11.. MMMMMMMM 
11"111111=1"11111111 
.10i - li BM fliem 'la :::: e.....:: :::. I. 1 :12.....et ::!2:2111111111111111111 
' i 11--111 151mi10:1111111111 MMMMM eliel li SW Eli Iii 14.-15e.p. :id !dirt ".1 11: 1125 ERMAN WI MMMMM eirritsh.de.a BESSE SEErnia '94.411111 tIli ... All. - 
.... ,u um,..x.:11 
.... ritillk.9 llaiCUi- - 0.751- ditagairihairmisse: 0:00,511; -31111 
-76- 7 :III " a II ..'-"11"."1110"111111111111111!:: _nal El sicti.12.1plim :1141 
Ail i 
Broil a at. 1-74111 -51-12411 dlieniarPirrfaiRTE P"PriFigralm.201111;;PIPPIL i iilli: 111111111 i mom 701-11111 11111111;1111111111411111111111111111111111411;! 
:U 
1111111111177911rinnt itiiiMPORRIkaktip piN 1 i 
_ 
I 1111 dim 
Solon Immo 
m: 
- 
"I MI 1111111111 sii::::: 1111191!!!:1121114 17;1 
.Tli ial Li. ,amm IIIIABIIIIIIImmul II. 'i Urpri: 
"ditarenagerse,= WisrEimiguipit:"Jel ...PlipIrmiaziexpvaptigizairavail m m.mmomm All 
lEntit. 
MINWR 
IIIIIIIIIII Ili 11111112' 1 M". IH1 : ii --A. A--1 AA 1111111211::60116Meiripir WM ::::12!:!Ill 
691222". 2 121:1121 
-Wilt' i 1 "HUI 1 higkir-e arlinii:Orgem:: ha I 
11111111111111- m "--111111111111111111111 117:1111111 111111111. 
1""911111111 I. II 111114[1. 11 gill ...: :1011.- 
L :III A 1111111111111 MENNE' 11411 IP: :ILINtalgill I: 111111111111111111111 11111011111111111111111 
111111 MIA 1" 1 
KIDE 
t::::::3:.oh.ffa,- 
0111 IN MP.. II _ 111___ 
_ WI--' --t. UMW - ii m ilE9111151111.11M11 MI Mill= gei -I 11 --1 l'i 01-1 
11)31's .17:-'!!""I'l .---r° '7- Ili illi M Nilimmi"."11286:11140411.147 ---7 M 112111-1 
0 0, 
.-..,,2e- 11116111:11:111:11111H---_Jel..::: 
/ " = 
0 
A 
0 
s. 
9 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE 
TENSION TEST. 
JUNE /CY /9 OS TESTED BY /? L AWW 
SPECIMEN WO. /4 REVERSED STRESSES. 
SON 
No. 
Loads. Micrometer Readings. 
Mean. 
Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. 
.40e. 
Tension. 
00040 
Comp. 
" 00/P0 000/ 0 _IP 1 _. 0.0.7 .001A t.?Ô7 0000 
rioni I We-7RM F PIMA 
i;OPZIrMI 
PZIP17701 Mg" 
IRMA 
.: 
' 
. 
II 4 
,., 
* 
'I 
II 
S 1 
1I 
'I 
41; 
..., 0 (,) 
4 
=Ng 
0 =MO 
it ' - ' "MI 0 dP...i' , e 1 4 IMMIIIMI-11 !ME 
WM. 
. 
, A. . Mreiaalgearier. I II I _11 I Os .0 NMI - 
- InTirs11M4144111M111M1 lirillWillan - S S EMI .11.11M-#1111,MINIffling 
, rfaroin Oa 1111M71.1. I _ ,o. IMMINIMig...MMI 
a. it 0 IIIRMINAWIMII-_000 
di 
_ 
I . 011011.. -1A. 0 0 - I 41,1M0 NM -F , 4-., ........ - - 0 o 00,.?.., -,L. . IlArAw srIii 
0 1 0 1 .0 0.-4,0 4 s +. -- i _ 
41111=1[Mrallio.ftiln .I I .4.. III ... _ 
0 00 61 .. 0 4-10,r, :, a IS...0 .0 . 01 .41e 0 I ,÷.s.Iffirlin --.. 
..., II :.-s Q. .s., .0. s-.: -.,..e)/ o _ 
. , .: gte -*5 _ MraployeAlaral 
Length between clamps 
Length between ietwe. ... 
Dimension of cross section 
Elastic limit 
Maximum load 
Dimensions of fractured section. 
Ultimate extension 
Elastic elongation for lbs load 
e?. 0,93 7..5- 
0.74.01' 
,...9-2:-110 
27/ 740w 
P.544 
(0..037.1 - 
Plot stress -strain diagram and hand in with this sheet. 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
0. 4900- 
20.600 
ON/ 0-50. 
22.5 
 - 
NOW 
EME 
II MII* mum lin 
9.111111111 P - 4-- mlislaromma 1 to 191 . st m _ 
sni 
mlomm[ 
woomm SIMMS 
MI - 
M 111M I III II I 
I 
M All _kg I -All merm mi I ma I IIIMMOMION 
mm EN . 
1.61 mum" 
- - 
1 11111: 
.1111= 1;x E : mil al ILimir 1191 
III I -I: -; 
1 
.1 '' 11 -El di 
m MI. - -1- IT:" :as = 
91: !Phi= 
!um 6,31111:41; . . 
. 
T 
mill 
. 1- . ii oursii 
-Hs- -- 
F. 011 
4-, in ....  
MS 
V MM II M 12 %Er 6 alit 1 1' 416 
alma xi m IIM 
momm L11 
mo Am 1111 mm 
11mmaA III ---t- 1 Ilms mmml 
11 mm 
m II 1 NM a iii 111X BMW M mg Lai 
_11 m _ _mm IA il III 
-I- 
m 
1 1 INKMOMM I 
IMI - 11 mi am -m- 
1-' 1 rn - - - milt 
21111 'IL 1111- - 111mIlli 
moommo lormAmm,, 
HI mll :.--mtail 
-,19: :::- : 
- 
-- 
- am II 11 mm 
11-: 71 .1 
No. /5 REVERSED Sr/FESSES- 
p. 
_ROOM I 
0111 MI - 1- 
_ 
-_ 
X11- 
:01 - 1 1 
at: 
1:: II, 1. 
.1 
I 
I 
MO 
IN- MIMEO MIN 
IR - SO MN nuoiliet 
: 
, 
mimirmim E11 
a omm mmmummwsmimmommmmom 
lip 
11 
mi 
_m 
..1 
OM IS NUM Si 
I I- "1".""Ward211." 
I 111111111111111111111111,7111111111iiigga 
-- 
K MOLINIXIM -111141 IN IMIM 
MO VOI ElM MOM :II 
Mill 
:IT ,.=
Mil MOEN. 
il 
:: m: : : 
IllimIliilii 
PRIEW.119 
diling 
MINIMINEMOMMEN- 
in 1111.10 I 111; 411 f; .341 
IldEREIMEill 
1 
=AXE 
I III 
1:1 
=1:- Ill 
migemn: a 
simmum 
.. .. - ... 
Da. 
, 
w...... 
9,, ismin 
I IIBurn .. III
11 ill 
. milimidi 
.1::: ill 
. 
.. 0 
1 ill Mil LI 
Ifir!!!! 
1-1-1.11741:::: 
. . 11.! ..... 5, Mitt. MINX 4 4 lib MUNN 0 
lopp. rat' 
- 
CC.: 1111 i 11 ... .... NOON 
I 
Hill 1 
1 I UFO 1 IMMollN. 
::--- iiiIIIII gig m mg 11 jag% 
is 
Immo 
1 1111 k 
mi il - 
Im 
iiiii 
VI x !!!! 
.ffienuron: ,, 
rill emu q3 
_ 
: iiii Mid 
.:: mu - 
Ili Pop 
a I 111 it iiii 
.... .. il 
e APp4 
. 
!mit; 
r. 
U. 
mmaimmm111111 m mom 
- Ilim 
. xm 
ma 
ommoi moxm mm mmmum 
mom 
kAdallIlmwm 111 III ' 
111:11111111111111111T dir 
ERIE Primumo ' naqirirpnrra7-. MS OM IR ISM MO MOM 
XNE S MN M 0 ME 
ON 
. 
I m" ....If m 
urniatif -IIpai 
MSOM 
MIgggi gg 1. III 1111; 111 
all 111-11141111 
MIMI rai 
-1 il -Finn Trir Er! _. _ 
la% 
kimiorma 
mm 
heel 11111Worlam 19mal CC' 121 ill 
0 il: li - 31 1 . ;le 1 ... id 11" il MEE 
- 1 Ni-N _ OMM-MAIII 
Egg I MI II. I 
OEN 
HUI ::::, . 1P1111 !!!!.. 
. ..1 gig- " NOON 
IggE 111_111:1 III 1:4I III 
IINI - 211 1 u 1 
II I-1MM 
MOM 
n 414111,11EI Ni- 
g -1.. g . 
g 11..gg , ..111: MI NUMMI MI 
MI: 
I iII 
II MI 
IS  
ml lib 
-m or 11 mol 
1 1 1 
MOM MP MN 
gIIIMMOIMMIS ME 
mi 1 :II MN MOMORMIN PPRP ---, 
1:: 1 1 1,1--:- III 1! 
111111 - 
... g.. liggigg 1-.. MN IN X IWO 
II 
OMR I 
NIMAI MEI le 
: ! iiill 
swim! 1 
iiiiilliiii iii ill: 7:1:1 11111111111- VII MOE 
--- 111 
lil............. mamm...mm... 
miSpr. -111111mmillENE " SI II- --- MI Iiillirgiligu :: Egrailla" ill .111111: 
Ai 1- Ill FAIR : Mil " iiii -I-- milii UM iiillImaiiiiiiiiiiiiiiiiiiii ill Fig- j";11-- m 1 mmuspruggligimunnon Out MI grtihni.nekhat .2.1h=1921111P ih. 11-ers001 ...........,4 
a igglitii, 1 iiimild 111:1111111:4311.. iii 11 mon -Bib Imiliitt..111::. .. PIP .. . . 1-11-1:1111111. u 11 ml 
:11.111 
1 i 1 
Mg MK MMI MEM. MUM I 1111" 
211 III : 
miutputus alai: :: li ... ... 
us.1.......... num LOME -1111.. ON Mil 
111416M IIIIIIMI 100101:11 II II II 
IIIIII: liggigg 11:66":1111.611:IIIIMMIIIICIBII 
MI IIIIIIIIIIIII: 
I M N S "." II. Ng mu ut: :in .9: -::1:::: .. 
0 K M 
JOIM MO 11 I I MI: 
1 1 III II 
1 
gg 
11111111111111111111111111111111111111111111111111111 
111111111111111111111111 
illiggIlligig 
1111111111111111111111111111111111111111111111111111. 
IIIIIIEBNIIIIiiiiiIIIIIIIIIIIIIIIIINIIIII111111111 
I 
111111111101111911111111111111111121 11111iiinin: 
111111111111111111111111111 iiiiiiiiirrillii du iiiilliiillii: ma" 
rililliiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
. 111 . risrairmaseurren" 
oh II 
MIMI: 
iiiiiiiiiiIiiilililiiii111: 
1111111111111111111111111111 
I SPOIL 
:Mgr MK 
us umi 
nu 
minurnaistimmummu...m.11::: 
11111111 
on 
IIIIIIIIIIII:IIIIIIIIIII 
IggIIIMIllglig 
11 
I iiiiiilill :nisi 
IIIIIIIIIMIIINIIIIIIIIIIIIIiii 
:II 
it 
1111111111iii 
gg 
1111111111111111111111111111 
u: 
ISMISOMMI 
mei 
fill 
ai 
1 
IIIIIIIIII 
1 1..i: 
iffilliliii111111611: 
111111111111111111116 
ION 
ilattnia.::: 
Locum 
Flip: 
..:: ..: Pill 
: 
1111 
g 
IIMIII 
11111:111. 
um 
111111111 
1111111111. 
::: 
111111111 
..11. 
m11111111 
i:. 
t.: 
.: 
M 
IIIM 
:a 
r 
0 
a 
- 
Ix 
iiiiiillilli millilliiiiii 001:hinin rassdasen 
II 1111111111111 1111111111. 
:au 
1111111111 
Fri u. REIM 
11111:1111 
w 
plummilliiiiIiir unionutil :am 
1111111111111111111 
Igiiiiiiiiiiiiiillimull: 
:- Isumu 
1111 
1 ins11111111111e9iiiii 
:: 
' 
mat:: 
11111111111 
ett 
1111111111111111111111 lig 1 AllimIllimpil 11111 II Iii ifilititill :991111mi IF .11 timenquinummuLaur m Mill te:-Fa 11' .1 a. ...I . . eil inniiiiidiiiiiiiiiiiddiii4 :99. lid 
1:1:19:11:111111111111111111 
..... 
..... 
it :pp 
... . ... 
ow i- i ill , - i 
.0/ 
110 
NOM M 
I Hit Mil IMMIIMI II 
IMMO X M 
.02 
/ O.0/ "EL oivo/97-/o/V 
III C PI On 
,4c -r 
el 
IL L. 
-1111 1 111 mmol 1111' 
i 
ma 
ammo 11111 11 o 
X 1.1:: on ant el 
.t.. g I: .- lisp.. - % 06 
7 - 
hi 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE (Ju/ve 4903 
SPECIMEN 
TENSION TEST. 
TESTED BY R.G.L4 WRY "Pvi, tiohiNsoN 
No. /5; REVERSED STRESSES , 
No. 
/ 
Loads. 
EAST 
Micrometer Readings. 
rvEsr Mean. 
Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
00 00 .0000 . 0000 , 0060 .006'0 .0030 
2 1.00%99 .002/ 0 /725.0 /3520 
3 . " /806'.0 " 
., ,, 
p=-RFVE/?Slii-G. 
1/ lt-.0045 1- .00 /6- / 8 0 6 0 /5580 
. 
,, .5-- REVERS/1LS 
/7 . . ); 20320 
/8 '. /8//0 ,, 
20 /0600 2366.0 .0042 .0040 ,0/.5-0 .0/45 .0091 0061 .00079/ 
2/ /0900 246/0 .0040 .0044 .0/68 .0/6'7 .0/ 04 .00 74 .049499/4 
Re //ROO 25530 -0040 .0040 ,0/79 .0/79 .0/ 09 .0079 ,000976- ''comei.EsA,o,vos 
ro 
23 /1500 26'460 .004/ .0048 .0/86 .0/84 .01/4 .0081. 00/04 .4.0.10 .A. co,,..a. 
24 /1800 2 7380 .0058 .0056 .0/90 .0/89 .0/28 .0098 .00/2/ 
25 /x/00 283/0 .0068 .0075 .02/..9 .02.18 .0/43 0//3 .00/39. 
26 /2400 292-4.0 .0/17 .0/22 ,0260 .0260 .0/89 .0/59 .00/96 
27 /2700 30760 .0210 .020.9 .0338 344- .027,5- .0245 .00303 
28 /3000 3/090 .0386 ,03.90 .05/5 .0570 ,045-O .0420 .005-0e 
29 /3300 aaemo 0775 ,0776 .0885 .0896- .0530 .0800 .009f19 
30 /9600 32940 .0794 .0795 .0892 .0896- .0 846 .08 /5 . 0t00.9 
Length between clamps 
Length between w9. Pi'vs 
Dimension of cross section Omni, 0. 75/ // 
Elastic limit /as. 
Maximum load 
8.093>s- " 
/0500 
27/00 
Dimensions of fractured section P?Afri 0.5/5 . 
Ultimate extension /0.302" 
Elastic elongation for lbs. load (?) 
Plot stress 
-strain diagram and hand in with this sheet. 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
TENSION TEST. 
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Plot stress -strain diagram and hand in with this sheet. 
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Modulus of elasticity 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE /UNE A9 -7-7i /9 08 
SPECIMEN A/0. /8, 
TENSION TEST. 
TESTED BY R.0 LAWRY AND A.H JOHNE0N 
TENS/ON A ND C PRPssvoN, REVERSED (STRESSES, 
No. 
Loads. Micrometer Readings. 
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Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
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Dimension of cross section 
lastic limit .. 
aximurn load . 
imensions of fractured section . 2//.1.N 
ltimate extension 
Mastic elongation for lbs. load.. 
Plot stress -strain diagram and hand 
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in with this sheet. 
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Elastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect . 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE (JUNE /57 /90.3 
TENSION TEST. 
TESTED BY R5:1- AWRY A1/41.0 ,9./y. 1-./0/5/AAS 04/ 
SPECIMEN No. /9, REVERSED STRESSES 
No. 
I Loads. Micrometer Readings. 
EAST WEST Mean. 
Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
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Dimension of cross section pmAi. 
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ltimate extension 
41astic elongation for lbs. load .. 
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/2.5 Elastic limit, lbs. per sq. in 25 780 6/ 9 ao 0.875 " Maximum load; lbs. per sq. in. orig. sect . 0,29/2 /5500 Area of fractured section, sq. in 478..q 3 7240 Reduction of area of cross section, per cent, 2Z /8 
O. 60 Ultimate extension, per cent 
2 /0.2921" Modulus of elasticity 
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Plot stress -strain diagram and hand in with this sheet. 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE 
TENSION TEST. 
///VF /30,3 TESTED BY R G. LA HALso_E 
SPEC/MEN No. 20. iF.6-2/k-R.sEp 7-REss 
No. 
_ 
Loads. Micrometer 
EA 5 77 
Readings. 
0.1,5- 
1. 
7: 
2. 
Mean. 
Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. Actual. 
Per in. 
.0000 
Tension. 
.00 0 00 
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1,5- /370 0 R 3 /9,19 
.04o 
.04,20 .0-430 .cwoo .0402 .04/0 .0088 .001087 
/O /4 00 46'.4,_ 10 .044 .0093 .00//4.0 
/7 /470021(487 
.0437 
.044, 
.014/ 
.0450 
.04 
.04/7 
.041/ 
.04 /9 .0432 .0 1 0 / .00/-03 
/8 L52002.573/ 0460 .0460 .0420 .04,99 .0441 .0/13 00/396 
AO /5700 2d5 75 .0470 0450 .0450 .D-460 .01.? .0o Ace i 
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Length between clamps 
Length between *yrs.. 
Dimension of cross section 
Elastic limit .....Zs.$ ......... ........ 
Maximum load 
Dimensions of fractured section .0.4e2'. 
Ultimate extension 
Elastic elongation for .500 lbs load 
O. " 
/ 2. 5 " 
o. 6 7 
/4200 
70 -,?00 
0.6000" 
/ O. 2,2- 45 a 
Plot stress -strain diagram and hand in with this sheet. 
Area original section, sq. in D. 5(90,9 
Elastic limit, lbs. per sq. in 
0,570 
Maximum load; lbs. per sq. in. orig. sect .. C_LO'4 7 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 4 7S 
Ultimate extension, per cent R .3 
Modulus of elasticity (?) 
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DEPARTMENT OF MECHANICAL ENGINEERING, K S. A. C. 
DATE (../U/VE /5 /9 00 
TENSION TEST. 
TESTED BY R.6.L. A 71/R V AND A C./Of/NS° 4/ 
SPECIMEN No REVERSE -0 STRESSES. 
No. 
Loads. Micrometer Readings. 
.6;1S7--: IvE.57-. Mean. 
Differences. Remarks or Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
/ 00 00 .0/6-0 ,0/50 .0074 .0075 ,0/12 
E .0/00 i'`,0 a 24 2/620 
6-- RE ir-.4 
6./746-0 
r..s- 
.9 .0097 0 OR/ 1) 
7- RE v E-Rili_S 
/9250 
/7 .1 22/00 i. 
/8 1 . i, 
/9 2/620 
2-REVERsvizs 
22 .5 2/780 
Z3 4 2/620 ,, 
3- REVERSALS 
27 /300o 2/6'20 .0294 .o296 .o0 .6'.o .00se .0/8/ .0069 400811 
28 /3400 22280 .0298 ? .007/ .007/ .0/84 .0072 -00099/ 
29 /3800 32550 .02 99 0300 .0075 .0.97.3 ,0/86. .12.074' .0009/5 *4-0,9,94-si..0v05- 7:0 
3D/4200 2 3620 .0 a 0 / 00 75 00 75 .0/87 .0075 .000927 Z.9.90 /0%, Ce,A7,9 
_ 
.3/ 14600 24280 .0305 .0306 .0o78 -0077 .0/9/ .0079 .000977 
&2 /5000 2496-0 .03// .0080 .008o ,0/95 .0083 .00/02 
3.? /5400 256-20 .0318 .0084 .0083 .0200 .0098 .00/08 
34 /5800 262E0 .0327 .0,726. .0088 .00.35 .0207 .0095 .00/17 
,35 /6200 26950 .0387 .0887 .0095 .0093 ,02.40 .0/28 .00/8 
36 .01. /0 .0267 .0/45 .00/79 
37 /7000 28080 .04/6' _____ .0/20 .0/22 .0269 .0/57 .00/94 
38 /7400 28950 .0403 ,0404 .0/6/ .0/50 .0277 .0/6,5- .00204 
39 /7,800 296/0 .044/ .0450 .0/.98 .0200 .0,.922- .02/0 .00260 
40 /.8200 30280 .0 7.93 .0578 .058o .07;78 -062 .00774 . 
Length between clamps 
Length between jaws Pm's' 
Dimension of cross section Di"' 
Elastic limit 4.8s. 
Maximum load Zs's% 
Dimensions of fractured section. P.M.AT, 
Ultimate extension 
Elastic elongation for 1-0_a_lbs. load 
8,09375" 
/2.6" 
0,875-"' 
/500 0 
t.96 780 
0.6'0%93" 
/0.k36-4" 
Plot stress 
-strain diagram and hand in with this sheet. 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
0.60/3 
24 540 
6/ / 60 
0.29/2 
27.9 
26'928000 
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DEPARTMENT OF MECHANICAL ENGINEERING. K. S. A. C. 
DATE 
TENSION TEST. 
c/a/v.E. r2-1 /903 TESTED BY R. L 4 Pvkl- AND 4. hf. ilohw,5-o.v. 
SPECIMEN No. 2 REVERSED 
No. 
Loads. Micrometer Readings. 
EAST WEST Mean. 
Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per in. Tension. Comp. 1. 2. 1. 2. Actual. Per sq. in. 
.0/32 .0/98 ,0/98 ,0067 ,00 6 7 00 00 
*.0/48 .00/7 2/62.0 /6270 
" 
s-- R.eveRs111.s- 
8 2z/00 ,, 
, 4 6.- ypk-velpsin.6" 
/5 11 I. 0 1 8 0 " 
A6- /6/6'0 a 8 70 .0393 .0050 .0046 ,022./ ,00.59 ,00/09 
/7 /6500 2-7440 ,04,96- .005-/ ,00.50 .0228 .0096 -00/18 
/8 ,006'0 .0059 .0250 ,0098 .00/2./ coii,REspo,vos- To 
/9 -0420 .0010 ,00'0 .0244 .01/2 .00/38 4,,,, ,,v c,...,,, 
20 17700 29420 .0470 .0472 .0/20 .0/20 .029S" .0/6'k. .0020/ 
2/ /8/00 80080 .0688 -0700 .0332 ,0,P32 7'05/0 .0378 .00466 
22 /8500 30740 1/12 .0732 0730 09.22 .07.90 .00975 
I 
Length between clamps8'09376- 
Length between jaws ic://VS 
Dimension of cross section 12/4M, 
Elastic limit 4 as, 
12.5"" 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
0.8 75" Maximum load; lbs. per sq. in. orig. sect . 
Maximum load L es ,96-900 
;Dimensions of fractured section 0.6093- .p.,./Ar. 
Ultimate extension /0.4575 
Elastic elongation for lbs. load (?) . 
Plot stress 
-strain diagram and hand in with this sheet. 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
06-47/3 
(?) 
6/360 
0.09/2 
48,-54 
.28.9 
(?) 
NO. REVERSED STRESSES 
NIlim MIFF 611.1 lihni . 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE c-l'e.//v6-. /5-za/ /9.03 
TENSION TEST. 
TESTED BY /5' 6. L. 4 iv/i,r- AND 4. 1/- c/oNivs-vAi 
SPECIMEN No- 2 g6- STRESSES 
No. 
- 
Loads. Micrometer Readings. 
.E/iST WEST Mean. 
Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per in. Tension. Comp. ' 1. 2. 1. 2. Actual. Per sq. in. 
.0389 .0.4-2/ .04/8 .006/ .0356 / 00 00 
.0370 .03t0 I I a/7.5-0 /5420 
I 
I 9 -IM rE ALS 
// , 0368 .0305 I 0/750 A9260 
/Z 81 I, .)) 2,0100 
1, /* 8- /7 rVER A6S 
z/ f; * 2 420 " 
- Z /I I 2/750 ,, 
23 )) ,. 
.24 v PS 2 Z 730 ,, 
25 ,, . 2/-750 JJ 
- 
) , S IAL c 
3/ /5000 251/0 .0578 .0580 .0395 .0392 1,0486 ,0,997 ,00/19 
32 .059/ .059/ .0399 .0396 .049'1 ,0/05 .00/29 
33 /5500 26-/30 .06400 .0600 .0403 .040/ .060/ ,01/2 .00/38 
34 /5000 26-640, .060/ . ? .04/2 .0409 .oso6- ,0//,6- .00/43 
35 /6200 27// O .0625 .0626 .042/ .04/e ,0.522 , 0 /3.3 00/64 
36 /6500 2 7660 0650 .0652 .0-54-40 ,0422 1.054/ .0/.52 .0o/87 
37 /6800 28/70 .0696 .0694 .0476 .0478 .0586 ,0/97 .00243 
38 .0766 .0770 ,o6-.57 .0555 1.066-0 .027/ .00334 
I 
I I 
I 
I I 
____ 
I 
I 
I 
Length between clamps 
Length between *vs,- PiNS 
Dimension of cross section 
Elastic limit Les-. 
Maximum load LI3S, 
imensions of fractured section . 
itimate extension 
elastic elongation for lbs. load.. 
D hel/W . 
8.09375 
/0.5" 
0.872 
(1 
0.6093" 
/0.28/e'' 
(?) 
Plot stress -strain diagram and hand in with this sheet. 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
05972 
(?) 
6//SO 
0,29/2 
48.7 
27,0 
(?) 
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DATE (111/1/ /9 OS 
TENSION TEST. 
TESTED BY R6.LAwRy ND A.1/. tioNiv,sew. 
No. 
Loads. Micrometer Readings. 
E43 T WEST Mean. 
Differences. 
Remarks or 
Repeated. Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
/, 0 .0358 .0358 , 0205 , 02 08 ,02f32 0000 
2 1 "03/0 .0458 /66'00 /6600 
a 
J 
*.032/ .0/64 /7,900 /3270 
4 li /7/10 ,, 
/7450 ,, 
6 ,, 4 / 79 00- " 
7 /7/10 ,, 
8 1/50.0 190/0 .0486 .0188 ,0236 .024-7 .0363 -008/ .00/00 
9 /000 /99/0 ,0487 .0499 ,0249 , 0249 .0368 .006.6 .00/06 
/0 /2500 208/o ,0485- .0489 .0252 ,0252 .0369 .008' .00/07 
// /3000 2/7/0 .0,5-06 ,0504 .025-4 .0250 .0094 .00/16 *coRR.e.s,4,0/y06- To 
/2 /3500 22620 *05/8 .057.5- .0244 ,0244 .0090 .00/0/ Lo,,,, ,,,,, 4,04,,, 
/3 44000 234--z0 ,Os22 ,0527 ,0250 ,050 .0387 .01'05 .00/29 
.0532 .0250 ,025/ .039/ ,0/05 .00/34 
/5 /6-000 25320 .0537 .0536 .026/ ,06/ .0398 ,0/16' .00/43 
/6' /5500, 26220 .05449 .0550 i ,027/ 027/ .04/0 .0/2;8 .00/58 
/7 /5000 27 1 / 0 .0566 .0568 ,0279 ,028/ .0423 .0/4/ .00/74 
/8 /6500 280/0. , 0579 058o , 4294- , 0300 .0438 0/56 .00/92 
/9 /7000 28910 .0637 ,0640 .035* ,0350 .0495 .02/3 .00263 
Dimension of cross section 
Elastic limit LA's% 
Maximum load L.635, 
:Dimensions of fractured section . P!4!-/ 
Ultimate extension 
Elastic elongation for lbs. load. 
Plot stress -strain diagram and hand in with this sheet. 
8,0937s" Area original section, sq. in 
Elastic limit, lbs, per sq. in 
Maximum load; lbs. per sq. in. orig. sect .. 
/33- 0 0 Area of fractured section, sq. in 
..?72 0O 
/0,/97 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
0.6026 
2240 0 
67 730 
DEPARTMENT OF MECHANICAL ENGINEERING, KS, A. C. 
DATE (JUNE // TH /9 03 
SPECIMEN No. /6 
NStON TEST. 
TESTED BY R.G. Z.AwA'r 
C A- .k-sS / 0 4/ FL A T ENDS. 
No. 
Loads. Micrometer Readings. 
F/9 6- T WE -6'77 Mean. 
Differences. 
Remarks or 
Repeated Stresses. 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
/ 00 .OZ 83- .0300 ,0292 
2 6-00 .02.46 .0330 ,0287 
.9 /2O0 .0228 .0333 ,02270 
4 /500 .0222 .0.714 ,0278 
.5" 2000 ,02 / 6 0332 .0274 
6 2500 .0 2 // 033/ .027/ 
7 3000 ,0209 .0328 ,026'8 
8 3500 .0202 03/6- .0258 
9 4000 0200 ,0329 .0262 
/0 4500 .0/98 .032E3 , 0260 
/1 5000 .0/94 , 0 3 / 8 . 02 5-6 
/2 5500 .0/92 .03/3 ,0252 
/3 6000 ,0/89 .03// 0250 
/4 6500 .0/85 .03/0 .0247 
15- 7000 .0/132 .0307 .0244 
/6 7500 .0/79 .0305- _,,0242 
/7 8000 .0/75 .0301 .0237 
/8 8500 .0/72 ,03 0 1 .0230 /9 9000 . 0 /7 0 ,0297 .02.33 
20 9500 .0/69 .0292 .0230 
. - 
Length between clamps 
Length between jaws 
Dimension of cross section ,..,Q 
Elastic limit 
Maximum load 
Dimensions of fractured section .... . 
Ultimate extension 
Elastic eloRgatieR for SOO lbs. load . 
c oN1PR A -S-57 OA' 
Plot stress -strain diagram and hand in with this sheet. 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
0.752 " Maximum load; lbs. per sq. in. orig. sect . 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
0.000326 " 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
DATE 
TEST. 
chiivE // /9 0 4-9 TESTED BY G. L414/RK 
SPECIMEN Na 24, COMPRESS/ ON it-LAT ENDS, 
No. 
Loads. Micrometer Readings. 
E1457.- WES- r Mean. 
Differences. 
Remarks or , 
Repeated Stresses. I 
Lbs. per sq. in. 
Actual. Per sq. in. 1. 2. 1. 2. Actual. Per in. Tension. Comp. 
/ 00 .0409 , 0 / 5-9 .0084 . 
2 500 .0420 .0/40 .0280 /000 .0432 .0 / 27 .0279 
4 /500 .0432 .0 / 24 .0278 
5 2000 .0433 .0/ /g .0272 
6 2500 .0434 .0/07 .0270 
7 3 000 .0434 .0/ 03 .0268 
8 J50 0 .0432 .0/ 00 .0266 
9 4000 .0429 .0099 .0264 
/0 4500 .0429 .0 099 .026-4 // 5000 .0427 .0092 .0239 
/2 5.500 .0424 .0093 .02.58 
/3 6000 .0420 .0090 .0255 /4 6500 .04/9 .0089 .0253 
/5 7000 .04/8 .0085 .0251 
/6 7500 .04/4 .0085 .0249 
/7 8 000 .04/3 .0082 .0247 
/8 8500 .0409 .0079 .0244 
/9 9000 .0409 .0075 .024/ 
20 .9500 .0405 .0075 .0240 
2/ /0000 .0403 .0072 .0237 
22 /0500 .0400 .0070 .0235 . 
23 / 1 000 .0398 .0067 .0232 
24 /1500 .0398 .0064 .023/ 
25 /2000 .0395 .0063 .0229 
26 /2.500 .0395 .0060 ,0227 
27 /3000 .0392 .0058 .0225 
28 
29 
Length between clamps 
Length between jaws 
Dimension of cross section 
Elastic limit 
Maximum load 
/7//57A-1. 
Dimensions of fractured section. 
Ultimate extension 
0.876 " 
Area original section, sq. in 
Elastic limit, lbs. per sq. in 
Maximum load; lbs. per sq. in. orig. sect 
Area of fractured section, sq. in 
Reduction of area of cross section, per cent, 
Ultimate extension, per cent 
Modulus of elasticity 
Elastic elongation 
COMPRESS/ON 
Sa° lbs. load . 0.0002e 
Plot stress -strain diagram and hand in with this sheet. 
